Abstract. Exploration of Martian surface and the crater deposition has recently attracted scientific community. We Earth Syst. Sci. Data Discuss., https://doi
Introduction
Studies on extra-terrestrial surfaces and associated geological processes allured scientific community worldwide. One such important attempt is associated with analyzing the martian surface topography and related processes. Impact craters are the most obvious topographic features on the non-gaseous bodies of the solar system which have been originated through constant natural fusillade. Gale Crater with a diameter of nearly 154 meters is believed to be evolved between 3.5 and 3. Mons which were expected to evolve between late Hesperian and early Amazonian periods. They examined the crater material by integrating the geological maps and the crater statistics. The scholars also signified existence of mound deposition due to impact crater and aeolian and fluvial processes. Recently, Mars Odyssey, Mars Reconnaissance Orbiter (MRO) and Mars Global Surveyor (MGS) have been utilized to evaluate the Martian impact crater. These space craft's have provided a large volume of multispectral, stereo and topographic data (Albee et al., 1992; Chapman et al., 2003) . Mars is stratified into Amazonian, Hesperian and Noachian time scales on the basis of the crater size distribution per square kilometer (Tanaka, 1986 ). The crater is believed to be formed during Noachian age (Bridges, 2001; Cabrol et al., 1999) .
Presence of valley's sedimentary structures indicated the existence of ancient sedimentary deposits and work of water in the crater. Aeolian features including yardang are also present in the crater. Researchers further identified crater partially filled with water (Malin and Edgett, 2000) and erosion on the mound due to subsequent erosion and deposition. Pelkey et al. 
Study area
Gale Crater (5.3°S, 222.3°W) with 170 km in diameter lies between the southern cratered highlands and Elysium Planitia low lands in north-eastern part of the Aeolis quadrangle. The inset vertical exaggeration image provides 3D view of the Gale Crater and its surrounding area (Fig. 1) . Within the crater, an off-centred mound is present slightly towards the southern side.
The lower most section of the mound showed an upward transition of formation from clay-bearing to sulphate-bearing beds (Milliken et al., 2010) . The topographically mound layer is higher than the northern rim and gives an appearance of high mound. However, some portion of the southern rim is slightly higher than the mound. The mound height indicated that entire crater was once filled with sediment. The place between the northern rim and the foot hill of Aeolis Mons is named as Aeolis Palus where the mars curiosity rover was landed by National Aeronautics and Space Administration (NASA). Table 1 and 2.
<Insert Table 1 Table 2 HiRISE images identity used for fluvial and aeolian process landforms of canyon, alluvial fan, inverted channel, mound, ripples, dunes and yardangs >
Crater morphology identification
Endeavouring the past geological upliftment and transformation of each stratum is the major concern of the scientific community. Gale crater has experienced multi-stage erosional processes. The northern rim has been partially eroded and led to formations of canyons. Mass wasted material produced by some portion of rim resulted in the deposition of fine sediments covering the floor. Geomorphological features of fluvial and aeolian processes in and around the crater were identified with the help of DN values and HiRISE images (Fig. 3 ).
Pre-processing of satellite data
Pre-processing was carried out to escalate the interpretability of the datasets. Radiometric and geometric distortions of images were removed using mathematical transformation during the image pre-processing stage. Geometric correction was Earth Syst. Sci. Data Discuss., https://doi.org/10.5194/essd-2019-4 (iii)
Radiometric correction for HiRISE image
For improving the quality of images and reducing the errors in digital number (DN) values, radiometric correction was performed: 
Radiometric correction for CTX image
Subtracted and flat fielded CTX row was scaled to radiance using the CTX response coefficient derived during pre-flight calibration:
Where, is the pixel value being evaluated in DN, exp is the exposure time in m sec, is the CTX response 
Alluvial fans
Various fan shaped features identified on the surface of crater and provided signs of its formation through lacustrine deposits. Peace valleys fan situated in north western part of Gale Crater has been delineated (Fig. 5 A) and has been shown in CTX image (Fig. 5 B) . 
Inverted channel
More concentration of lava and eroded coarse grained material was found on fluvial channels than the surrounding
topography (Pain et al., 2007; Williams et al., 2009). Relief inversion can be observed through inverted channels formed in
the crater and were in large number than the surrounding area ( Fig. 6 A to E). These channels must have been active and received enough sand through aeolian process. Low erosion along the channels has resulted in the formation of highlands. 
Aeolian process and landforms
The surface of Gale Crater is complex because many processes have been acting on the surface. Palkey et al. (2004) observed the pattern of dust cover on the basis of the height of the Gale's mound using thermal inertia, visible and thermal emission imaging system. This analysis indicated that surface of the crater mound was shaped by the action of aeolian process. Ripples, dunes and yardangs landform are the resultant features of such process. Thus, aeolian process found to be a main driver of shaping the surface
Ripples, dunes and yardangs
Dunes and ripples in western, north-eastern and near semi-circular shape in southern part of crater were identified. Several features formed by action of wind were found in the impact crater. This is in accordance with the finding of Edgett (2005) .
The horns of the dunes located in the north-western region of the Gale Crater pointing towards north-eastern direction which indicated blowing of wind from north-western region. However, the morphology of the eastern dunes showed different 
Distribution of ejecta layers
The renewed Martian topography comprises layers or ejecta morphology. These ejecta morphologies can be categorized into single (Fig. 9a) , double (Fig. 9b) , multiple ( Fig. 9c ) and radial layers (Fig. 10) . The percentage of ejecta was calculated for every 10 latitude on the Martial surface (Fig. 11) . Single layer ejecta represents contiguous layer of ejected material having an equatorial diameter of 3 to 20 km and 1 to less than -60 km in higher limits (Hargitai and Barlow, 2014) . Maximum distribution of ejecta (8-15%) was found concentrated between -30 and 30 latitudes. The double layer ejecta morphology (nearly 20%) consists of dual faces in which one represents distinctive parallel ridges while outer one is having annular depression located between 20 and 60 latitude (Weiss and Head, 2013) .Multiple layer ejecta was embedded with various layers of ejected material having a diameter of up to 90 km (Weiss and Head, 2014) . Approximately 16% multiple ejecta layer found between -50 and 40 latitudes. Radial ejecta were more elevated than the neighbourhood terrain (Fig. 10) . 
Discussion and Conclusion
The present study has utilized the available visible (MOLA) and topographic (CTX and HiRISE) datasets to explore the geomorphological processes and map the major geomorphic features present on the Gale Crater. The findings revealed that fluvial and aeolian processes have been active in producing various landforms on Martin Gale Crater surface over the ages. 
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